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Many general education students within the public-school setting are 
struggling to meet the rigorous academic demands of current school systems. 
The lack of specificity in school-based assessments and interventions impedes 
an accurate determination of how students with auditory and visual processing 
difficulties are learning. As a result, students are being misidentified or are 
receiving supports that do not meet their needs.  Public schools across California 
implement systems of supports Response to Intervention (RTI), Multi-Tier 
Systems of Supports (MTSS), and Positive Behavior Intervention (PBIS) for all 
students to make adequate academic progress and experience behavioral and 
social-emotional needs.  Based on student need, implementing an approach that 
identifies visual and auditory processing needs may facilitate improved 
monitoring and implementation of individualized interventions in the general 
education setting. Within these support systems, we can address academic 
concerns through a more cost-effective manner to reduce referrals to special 
education.  
The purpose of this study was to determine whether the implementation of 
the Integrated Visual and Auditory Continuous Performance Test (IVA-2) 
assessment and the neurofeedback intervention is an effective method to reduce 
unnecessary referrals to special education in an elementary setting. Elementary 
students were administered pre- and post-test assessments measuring their 
visual and auditory processing strengths and weakness, and self-rating scales of 
iv 
a social-emotional well-being. A team of educators through the Student Support 
System (SST) participated in identifying students at risk for academic 
intervention. Stakeholders included school administrators, classroom teachers, 
and parents of the identified students. Collaboration was central to the effective 
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As the academic gaps continue to exist in diverse groups of school-aged 
students, the implementation of academic support programs is used to address 
these growing academic challenges. School districts focus on improving 
academic achievement for all students; however, they face multiple challenges to 
provide academic supports that are efficient and effective for all students. For 
instance, the implementation of the No Child Left Behind Act (NCLB; U.S. 
Department of Education, 2001) specifically required all states to implement 
academic standards that are based on instruction and annual measures of 
student academic achievement. School systems are faced with challenges to (1) 
fully fund academic programs with minimal resources to serve students’ 
academic needs, (2) identify students who are struggling academically, (3) 
determine the most suitable intervention for student specific need, and (4) face 
the additional problem of increases of unnecessary referrals to special education.  
The ongoing focus of educators remains on the implementation of 
interventions designed to decrease the achievement gap within the existing 
educational frameworks and programs. Specifically, models such as Response to 
Intervention (RTI) and Positive Behavior Intervention and Support (PBIS) are 
implemented as a systematic support for students who are falling behind 
academically (Carroll, Lawlor, and Phee, 2013). These models also provide a 
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means of supporting students’ emotional and behavior development in a school 
setting.  
As schools face limited funding, scarce resources, and an increase in 
special education budgets, districts struggle to identify low-cost interventions to 
serve all students while concurrently identifying learning needs. Unfortunately, 
many existing interventions within the RTI and PBIS models lack the specificity to 
identify how students learn and process visual and auditory information. In an 
academic setting where students rely on visual and auditory information for 
learning (McReynolds, Villalpando, and Britt, 2018), it is essential to identify and 
implement cost effective interventions that support differentiated learning. In 
understanding how students process visual and auditory information, educators 
gain insight on how students’ progress in their social emotional, attentional, and 
behavioral development (Jensen, 2005). 
As school systems implement tiered levels of interventions, such as RTI, 
these types of interventions emphasize increasing student engagement and 
focus to support enhanced learning. Although different levels of RTI interventions 
minimize the academic gap and promote learning readiness, it may be beneficial 
to further identify a student’s ability to process visual and auditory information.  In 
doing so, the potential exists to enhance student confidence, social skills 
development, and improved attention (Wilson & Lipsey, 2007). Norman (1982) 
stated that possessing the ability to process information is necessary to be able 
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to understand and retain information, which are important functions of intact 
attention and memory.  
As school districts implement evidence-based models such as the Multi-
Tier Systems of Supports (MTSS), the system is designed to support educators 
as they support students. With the limited resources available to school districts, 
effective and cost-efficient academic and behavioral strategies are necessary.  
MTSS interventions are data driven through the continuous monitoring of 
program effectiveness. By emphasizing and streamlining best practices, 
educators will have access to resources to address educational gaps in 
traditional practices while eliminating the high cost of dead end supports (Lynch, 
Dickerson, Pears, & Fisher, 2017).  
Of particular importance to this overall thesis, the State of California has 
experienced a 21% increase in special education costs, representing the largest 
increase in decades (Fensterwald, 2019). On average, the annual cost of 
educating a special education student is $26,000 compared to $9,000 for a 
general education student (Freedberg, 2019).  Governmental agencies contribute 
less than 40 percent to special education costs in California, leaving local school 
districts to cover the differences from their general education budgets. According 
to the Legislative Analyst’s Office (2019), California’s special education system 
now serves approximately 800,000 students with physical, cognitive, and 
learning disabilities at a statewide annual cost of $13 billion. The financial 
pressure school districts face due to the mandated costs of special education is 
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affecting retiree pensions, pay raises, increased class sizes, and reductions of 
school based programs (i.e. summer or the arts) (Fensterwald). Recent proposed 
state governmental funding changes for special education bring further concerns 
of added pressure on schools to classify students as having disabilities to 
generate supplementary funding (Fensterwald). Because students are being 
placed in special education due, in part, to the lack of effective general education 
classroom interventions, the numbers of students in special education are rising 
further overwhelming school district budgets.  
The general educational setting within the public school system is 
designed to provide academic instruction to children who are meeting their age-
appropriate developmental milestones.  Since the No Child Left Behind Act 
(2004) was implemented, funds were allocated for academic supports to those 
students who were falling behind in reading and math (Hursh, 2004). However, 
as student need evolved, the NCLB interventions were extended to include 
social-emotional and behavioral areas (Archerd, 2014) resulting in additional 
academic and social-emotional interventions. If a student continues not to make 
adequate academic progress while receiving RTI interventions, students are then 
recommended for a special education assessment to determine if the lack of 
progress is due to a learning disability (Archerd, 2014).  
As identified by McReynolds, Villalpando, and Britt (2018), many 
academically challenged students may be struggling with auditory and visual 
processing difficulties.  Based on McReynolds, et al. (2018), it appears that 
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schools could benefit from a cost-effective early intervention assessment 
process. The identification and treatment of auditory and visual processing 
difficulties could help reduce the influx of students into special education through 
earlier detection of the potential causes of academic delays.  
In a typical school-based academic assessment, the focus of the 
evaluation does not specifically address the strengths and weaknesses of a 
student’s visual and auditory processing abilities.  In addition, memory and 
attention abilities are not fully assessed until the student is referred for a special 
education evaluation.  Schools will generally assess for academic readiness but 
not necessarily for processing abilities. If students were assessed for both 
academic readiness and the ability to process, retain, and apply visual and 
auditory information, educators would have access to specific information to 
better inform classroom interventions and academic supports. Educational 
research has identified that when effective early interventions and assessments 
are provided in kindergarten through third grade there is a positive outcome in 
closing academic gaps, particularly in reading (The International Dyslexia 
Association (IDA), 2020).  
As soon as a student starts to fall behind, the involvement of school 
psychologists is vital to the student support team (SST). According to the 
National Association of School Psychologists (NASP), school psychologists are 
qualified members of school teams that support students’ ability to learn and 
teachers’ ability to educate (NASP, 2010). School psychologists provide 
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teachers, families, and educators with additional supportive intervention 
strategies, and enhanced school-wide practices and policies. School 
psychologists also collaborate with community providers by coordinating services 
in crisis prevention and developing effective processes when recommending 
students for special education assessments (NASP, 2010).  
School psychologists spend numerous hours assessing students who do 
not adequately respond to tiered levels of support by identifying the existence of 
an educational disability. Based on the assessment data, school psychologists 
provide meaningful individualized interventions regardless of whether the student 
is eligible for special education services.  
Many school psychologists have reported feeling overwhelmed within the 
school environment with the implementation of numerous interventions that are 
not designed to deliver individualized support to students (Branstetter, 2008). In 
addition, educators have sought out effective interventions and tools to support 
students (Archerd, 2014); however, most classroom interventions are composed 
of different interventions instead of complete researched based programs. 
Unfortunately, these pieced together interventions are provided with the hope of 
supporting students who are struggling to learn (Moir, 2018) but may not achieve 
their interned academic goal.  
There are many students within the public school setting who do not have 
the necessary academic and intervention supports that provide a means for them 
to demonstrate their true potential.  In part this is due to a lack of an effective 
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assessment approach to identify auditory and visual processing difficulties for 
students who are struggling academically. When these auditory and visual 
processing difficulties are identified (McReynolds, et al., 2018), they can be used 
to determine appropriate classroom interventions individualized to each student. 
Without this type of specialized assessment data, special education has become 
just another form of intervention, instead of a programmatic system designed to 
specifically serve students with learning disabilities ultimately driving up the costs 
of special education.    
Problem Statement 
Many general education students within the public school setting are 
struggling to meet the rigorous academic demands of the school systems 
(Kozleski and Smith, 2009). The lack of specificity in school based assessments 
and interventions impedes an accurate determination of how students with 
auditory and visual processing difficulties are learning. As a result, students are 
being misidentified with potential learning disabilities or are receiving supports 
that do not meet their needs. Unfortunately, because students are being placed 
in special education as a ‘catch-all’, the numbers of students in special education 
are rising and negatively impacting school district budgets for general and special 




The purpose of this study was to determine whether the implementation of 
an assessment tool and the effectiveness of the intervention of neurofeedback in 
an elementary setting would reduce referrals to special education. Elementary 
students were administered pre- and post-test assessments to measure their 
visual and auditory processing strengths and weakness, along with analyzing 
their grades, behavioral referrals, and self-rating scales to measure social-
emotional well-being. 
Hypothesis 
 It was predicted that by identifying an effective assessment tool 
(Integrated Visual and Auditory Processing Test-2; IVA-2). Developing an 
individualized intervention specific to a student's way of learning (i.e., 
neurofeedback), and implementing these interventions within existing school 
based interventions, it would be possible to reduce referrals to special education.  
Research Questions 
The following research questions guide this mixed-method study: 
1. Does the IVA-2 assessment provide auditory and visual processing 
data specifying areas of weakness facilitating tailored intervention? 
2. Does the IVA-2 serve as a screening tool prior to referring students to 
special education assessment?  
3. What are the effects of neurofeedback? 
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Significance of the Study 
 Results of this study were expected to demonstrate the IVA-2 as an early 
intervention assessment tool and expand the integration of neurofeedback in an 
elementary school setting as applied to students with auditory and visual areas of 
need. Publications will be targeted toward school psychology, K-12/special 
education, and neurofeedback journals, as well as international publications. 
 
Theoretical Underpinning 
The theoretical underpinning of Learning Style theories guide this study.  
Learning Style Theories  
 Learning Style Theories (LST) was first introduced by Kolb and Fry (1974). 
Their conceptualization of LST provides a theoretical framework to better 
understand how students learn. LST describes how students absorb, process, 
and retain knowledge during learning. Understanding individual learning styles 
can help delineate the strengths and weaknesses of a student's ability to process 
auditory and visual information providing individualized data for the development 
of teaching strategies. This information can assist educators in developing and 
implementing effective interventions suitable for all learning styles.  
Assumptions 
It was assumed that all participants were students identified as struggling 
academically and are between the ages of six and ten. It was assumed that the 
10 
 
outcome of the IVA2 assessment tool would provide preliminary data for 
educators to design and implement individualized interventions. 
Limitations 
The limitations of this study include: (1) delayed Institutional Research 
Board (IRB) approval negatively affecting the startup of this research project 
coupled with the interruption of data collection due to inclement weather and 
school shutdowns, (2) inconsistent access to participants during the school day, 
and (3) the global pandemic of COVID-19 which interrupted the intervention and 
data collection process due to school shutdown, all of which impeded the ability 
to gather data on potential decrease of referrals to special education due to 
interruption of this research project.  
Delimitations 
The study was conducted at one elementary school within the Bear Valley 
Unified School District (BVUSD) located in San Bernardino County, California. 
BVUSD serves seven schools, four elementary schools, one middle school, one 
high school and one continuation school. The study was limited to ten 
participants between the ages of six years to nine years, eleven months. 
Participants identified for this project had have received a minimum of one year 
of academic and behavioral interventions that did not result in positive outcomes.  
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Definitions of Key Terms 
Defining terminology for this study is vital to understanding the importance 
of the research and are as follows:  
● General Education – Program of education that typically developing 
children receive based on state standards.  
● Individualized Education Plan (IEP) – An educational plan developed to 
ensure that a student with an identified disability is provided specialized 
instruction and related services. 
● Integrated Visual and Auditory Processing Test-2 (IVA-2) – An 
assessment tool that identifies strengths and weaknesses in visual and 
auditory processing.  
● Intervention – A support system implemented for children who are 
struggling academically in the educational system. 
● Multi-Tiered System of Support (MTSS)- An is an integrated, 
comprehensive framework that focuses on individualized students needs, 
and the alignment of systems necessary for all students’ academic, 
behavioral, and social success. 
● Neurofeedback – A form of EEG-biofeedback in which brain exercises are 
provided in a game-like format utilizing visual and auditory reinforcements, 
as well as graphs and numerical scores, to provide positive reinforcement 
for brain training activities. 
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● Placement – Refers to the amount of time during the school day that a 
student spends in the special education or general education classroom.  
● Referrals – A method in which an educator refers a student for special 
education assessment. 
● Response to Intervention (RTI) – A multi-tier approach to the early 
identification and support of students with learning, social-emotional, and 
behavioral needs.  
● Special education – A program and placement for students with an 
identified learning disability that significantly affects their academic 
progress. 
● Special education assessments – Assessments completed by a school 
psychologist to determine whether a student is referred for special 
education based on state criteria for a school-related learning disability. 
Summary 
Because students are being placed in special education due to the lack of 
effective general education classroom interventions, the number of students in 
special education is rising and overwhelming school budgets. California’s special 
education system now serves approximately 800,000 students with physical, 
cognitive, and learning disabilities at a statewide annual cost of $13 billion 
(Legislative Analyst’s Office, 2019). The annual cost of educating a special 
education student is $26,000 compared to $9,000 for a general education 
student (Freedberg, 2019). 
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The lack of specificity in school-based assessments and interventions 
impedes an accurate determination of how students with auditory and visual 
processing difficulties are learning. As a result, students are being misidentified 
or are receiving supports that do not meet their needs. Although school systems 
provide levels of support for students, implementing research-based 
interventions may be beneficial by yielding more effective outcomes. The 
purpose of this study was to determine whether the implementation of the IVA-2 
assessment tool and the intervention of neurofeedback would be an effective 
method to reduce unnecessary referrals to special education in an elementary 
setting. 
Chapter two provides a comprehensive literature review of traditional 
intervention methods and identifies the lack of tailored interventions for students 
who have auditory and visual processing difficulties in a general education 
setting. The review will include the limitations of the current systems of support 
for students, as well as the lack of emphasis on learning styles. New methods of 
interventions will include discussion on the IVA-2 assessment tool and 
neurofeedback, which has gained recognition for its non-invasive approach 
toward treating auditory and visual processing areas of need (McReynolds, 









THE PURSUIT OF AN EFFECTIVE INDIVIDUALIZED INTERVENTION 
IN A GENERAL EDUCATION SETTING 
The general education setting for our students can be a diverse learning 
environment. With academic content becoming more rigorous and taught in 
various modalities throughout grade levels, a majority of our students are 
struggling to keep with the academic and social emotional demands of the school 
environment (Whitted, 2011). Teachers, intervention specialists, and parents 
need additional resources that provide a greater understanding of how struggling 
students process and retain information. This enhanced information and 
understanding will better inform the implementation of teaching practices, 
techniques, and interventions to meet the academic and social emotional needs 
of students who are not responding to traditional school-based supports. 
Because intervention programs are costly to implement, school personnel are 
seeking cost effective means to provide the necessary individualized supports to 
struggling students.  
Due to the learning challenges caused by the COVID-19 pandemic, it will 
be crucial to implement supports that assist the school in understanding each 
student’s current abilities. As students return with academic deficits due to the 
pandemic, it will be in the best interest of education support groups to 
appropriately identify the academic challenges that can be addressed prior to 
making a referral to special education. By correctly assessing student abilities at 
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the initial stage of identified academic difficulties, the data serve as a baseline for 
the development and implementation of interventions that can be provided in 
conjunction with other services already offered through the school.  
Adapting to Student Needs 
Nationwide school systems are required to provide rich, diverse, and 
accessible learning environments to all students. As the diverse backgrounds 
and developmental needs of students become more challenging, school systems 
are needing to adapt by offering different levels of supports and methods of 
learning for all students (Durlak, Weissberg, Dymnicki, Taylor, & Schellinger, 
2011; Greenberg, et al., 2003). Methods and supports that make up the essential 
components of the Response to Intervention (RTI) and Multi-tier Systems of 
Support (MTSS) frameworks incorporate preventative efforts aimed at early 
identification of struggling students.  This type of intervention is employed to 
ensure all students are receiving the resources needed to be successful in an 
academic setting. Furthermore, to meet state standards and offer all children 
equal access to education, school systems are expected to implement additional 
forms of school-based support targeting areas of concern in academic, social-
emotional, and behavioral development (Dowdy, Ritchey, & Kamphaus, 2010).  
Systems of Support 
RTI was designed to be implemented as a multi-tier approach for early 
identification and support of students with learning and behavioral needs 
(Higgins, Averill, & Rinaldi, 2011; Gorski, 2017). As students were identified with 
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learning difficulties, they were provided with interventions to improve their 
academic progress. Supportive practices could be implemented by general 
education teachers, special education teachers, and (intervention) specialists. 
Student progress was monitored to determine the level of performance of each 
student to determine whether a higher tier of intervention was necessary based 
on the student outcome data (Higgins, Averill, & Rinaldi, 2011; Gorski, 2017). 
The RTI systematic approach is designed to provide high quality 
instruction coupled with practices that include universal screening of students in 
the general educational setting (Gorski, 2017). RTI is a three-tier model of school 
support that uses research-based academic and/or behavioral interventions. Tier 
1 is designed to provide high quality classroom instruction, screening, and group 
interventions (Higgins, Averill, & Rinaldi, 2011; Gorski, 2017). Within the Tier 1 
process intentional instruction helps ensure high-quality instruction is provided as 
a safeguard to help ensure that learning difficulties are not due to poor 
instruction. Students are assessed periodically to establish baseline skills and to 
identify struggling learners who need additional support. Students who are 
identified as being at risk of poor academic progress can receive supplementary 
instruction through their regular school day within their classroom (Higgins, 
Averill, et al.; Gorski, 2017). Student progress is monitored for six to eight weeks, 
and improvement is assessed through curriculum-based measures to determine 
whether a student can return to the regular academic program.  Students who do 
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not demonstrate adequate progress are referred to Tier 2 support (Higgins, 
Averill, & Rinaldi, 2011; Gorski, 2017).  
Tier 2 level is known as a targeted form of interventions for students who 
do not respond to regular classroom Tier 1 supports. In Tier 2 support is provided 
in small-group settings along with instruction in the general curriculum. 
Interventions vary to address reading and math skill development.  Students can 
continue to receive Tier 2 support for longer periods of time with appropriate 
monitoring (Higgins, Averill, & Rinaldi, 2011; Gorski, 2017). Students who 
continue to demonstrate limited progress are then considered for the more 
intensive interventions Tier 3.  
Tier 3 encompasses intensive interventions and comprehensive 
evaluations. At this level, students receive individualized and intense 
interventions that target identified academic deficits (Higgins, Averill, & Rinaldi, 
2011; Gorski, 2017). Students who do not respond to the Tier 3 interventions are 
then referred for a comprehensive evaluation and eligibility determination for 
special education services under the Individuals with Disabilities Education 
Improvement Act of 2004 (IDEA 2004). All data collected during the Tiers 1, 2 
and 3 are considered when making the recommendation and decision for 
eligibility for special education supports.  
For RTI implementation to be successful, the three-tiered model of school 
supports must use research-based behavioral interventions and include the 
various stakeholders (i.e., administrator, teacher, interventionalist, school 
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psychologist, other specialists) and parent to comprise the team generally 
referred to as a Student Support Team (SST).  The function of the SST is to 
ensure the interventions are applied with fidelity in a rigorous manner consisting 
of high-quality instruction, ongoing student assessment, tiered instruction, parent 
involvement, and mutual intent to promote effective academic growth (Walsh, et 
al., 2014).  
Multitier Systems of Support (MTSS) are recognized in school systems as 
a means of providing: (1) a higher quality of multi-level instruction, (2) a means of 
monitoring student progress, and (3) non-academic forms of support (i.e., social-
emotional, and behavioral). MTSS promotes changes to systems that improve 
academic and social outcomes for all learners based on student data-driven 
needs (Averill et al., 2011). Known as population-based services, MTSS 
interventions are designed to deliver universal and research-based individualized 
services promoting the psychological well-being and health of all students 
(Dowdy, Ritchey, & Kamphaus, 2010).  
The focus of MTSS is to provide a model to integrate a wide range of 
supports, such as outside resources, strategies, structures, and practices that 
address systematic learning barriers for students. In some cases, changing the 
classroom atmosphere to a more prosocial environment can encourage teachers 
to adopt and implement evidence-based practices (Lewis & Sugai, 1999).  
Similar to RTI and MTSS, additional systems such as Positive Behavior 
Intervention and Support (PBIS) implement a multi-tier approach that includes 
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individualized teaching, reinforcement, and movement toward adopting a whole 
school positive climate (Averill, et al., 2011).  PBIS, which is typically situated 
within the MTSS model, has shown promising outcomes (Fuchs & Fuchs, 2006) 
and is readily sought by school districts.  
PBIS is an evidence-based three-tiered approach integrating data, 
systems, and practices to improve student outcomes.  By focusing on 
professional development, the PBIS system addresses student behavior through 
the implementation of systemic change. Systematic changes include evaluating 
current systems of support with defined goals for supporting students, 
documenting progress, and monitoring student progress to establish a continuum 
of strategies supporting all areas of student need (Center on PBIS, 2021). When 
implemented with fidelity, students have demonstrated improvement in social and 
academic areas while reducing disciplinary actions.  PBIS provides a structural 
support for teachers who subsequently experience improved effectiveness in 
implementing teaching interventions (Center on PBIS, 2021). 
RTI, MTSS and PBIS interventions provide effective supports that include 
problem-solving, functional assessments, standardized protocols, and hybrid 
approaches. Although there are many formats for how a school might implement 
RTI, MTSS, and PBIS, the overall goal of each model is to best serve the needs 
of students.  In each model, these systems can be broadened to school-wide 
frameworks for efficiently allocating resources to improve student outcomes by 
accurately targeting student learning needs. As such, it is crucial to develop and 
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implement interventions and school supports that provide early interventions 
tailored to the needs of students in the general education setting. 
Emphasis on Learning Styles 
The theory of experiential learning postulates that learning is most 
effective when a student is engaged and is enhanced when a student obtains 
feedback on their learning efforts (Kolb & Kolb, 2005). As schools continue to 
emphasize the implementation of interventions, there has been a lack of 
specificity on how students are receiving these interventions based on how they 
learn and process information (Dombrowski, Kamphaus, & Reynolds, 2004). 
Learning styles are typically divided into visual and auditory abilities and further 
defined as strengths and weaknesses. By understanding the auditory and/or 
visual processing difficulties of a student, this may be a key to offering 
interventions that better match a student’s educational and academic needs and 
also provide beneficial information for educators and parent(s) (McReynolds, 
Villalpando, & Britt, 2018).  
Studies have demonstrated that difficulties with visual and auditory 
processing can affect how a student learns in a classroom, see Table 1 and 
Table 2.  Weaknesses in visual and auditory processing have been linked to 
behavioral difficulties and can mimic learning difficulties such as Attention Deficit 
Hyperactivity Disorder (ADHD) and other cognitive related disorders 
(McReynolds, et al., 2018). Students with visual and auditory weaknesses have 
also been identified with slower processing speed and diminished stamina 
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(McReynolds, et al., 2018). Therefore, a need exists for more sensitive 
assessment tools to properly screen for learning abilities and difficulties with the 
goal of reducing unnecessary special education recommendations and providing 
additional supports at the general education level. 
 
 
Table 1. Auditory Processing Difficulties 
 
Difficulty hearing in noisy environments 
Difficulty following long conversations 
Problems with reading comprehension 
Trouble understanding verbal math problems 
Difficulty remembering spoken information (i.e., auditory memory deficits) 
Difficulty taking notes 
Difficulty maintaining focus on an activity if other sounds are present 
Easily distracted by other sounds in the environment 
Difficulty with organizational skills 
Difficulty following multi-step directions 
Difficulty in directing, sustaining, or dividing attention 
Difficulty with reading and/or spelling 
Difficulty processing nonverbal information 
Anxiety, which might lead to illnesses such as irritable bowel syndrome or panic 
attacks  
 


















Table 2. Visual Processing Difficulties  
 
May exhibit difficulty with tasks that require copying (e.g., taking notes from a 
whiteboard)  
Written copies may be missing words  
Often cannot remember even basic facts about material read silently  
Complains of eye strain or frequently rubs eyes despite no presence of poor eye-
sight  
Below average reading or writing level coupled with high oral comprehension and 
verbal skills  
Math skills may be demonstrated below average, may ignore function signs, omit 
steps or confuse visually similar formulae  
Routinely fails to observe or recognize changes in bulletin-board displays, signs, 
or posted notices  
 
Source: New Brunswick Department of Education, 1999  
 
The Role of School Psychologists  
 According to the National Association of School Psychologists (NASP), 
school psychologists are qualified members of school teams that support 
students’ ability to learn and teachers’ ability to teach. Within the multi-tiered 
levels of support model, school psychologists serve an instrumental role on the 
SST by providing teachers, families, and educators with improved support 
strategies and improved school-wide practices and policies (Walsh, et al., 2014). 
School psychologists collaborate with community providers to coordinate crisis 
prevention services and in developing effective practices for special education 
assessments.  
 School psychologists typically assess students who have not responded to 
the RTI/MTSS/PBIS interventions to determine if the lack of academic progress 
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can be attributed to a learning disability. Based on the assessment results, 
school psychologists provide guidance to educators and parents regardless of 
whether the student is eligible for special education services. Over time, there 
has been a rise in special education referrals and parent requests to ascertain 
the reasons affecting the lack of adequate student academic progress. Given the 
rise of referrals to special education, schools are struggling to provide the 
necessary professional expertise to identify effective interventions to serve their 
students (Gersten & Dimino, 2006). 
 Due to this rise in referrals and assessments for special education, school 
psychologists carry large assessment caseloads making it difficult to meet the 
needs of the students who are struggling (Splett, Fowler, Weist, McDaniel, & 
Dvorsky, 2013). School psychologists typically serve more than one school and 
caseloads generally consist of students with a wide range of disabilities for which 
their expertise is needed.  School psychologists have experienced an increase in 
the number of roles they perform, and many spend a significant amount of time 
providing special education supports. These extended roles limit their ability to 
support students in the general education classrooms. As such, a significant 
need exists to identify efficacious assessment tools to help alleviate the 
excessive demands placed on school psychologists.   
 Canter, Klotz, and Cowan (2008) reported that the successful 
implementation of intervention programs could translate into fewer IEPs and may 
succeed in maintaining students in the general education setting. Assessments 
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that provide greater specificity in identifying the types of limitations the students’ 
experience could provide a more efficient means of assisting students who are 
struggling. In addition, the SST and general education teachers may better 
understand how students learn and process information. This improved 
assessment data could further support the development of the most efficacious 
academic, behavioral, and social-emotional goals for the student.  Educators 
may then be better able to comprehensively understand the student and 
subsequently develop an academic plan best tailored to each student’s specific 
needs.  
Results from the enhanced assessment process may also be beneficial for 
the student who do not qualify for special education.  Special education 
specialists often provide support to students at the general education level by 
implementing classroom interventions generally applied with students who have 
identified disabilities. These types of supports and interventions can be applied in 
the general educational level to support both the special education and general 
education students.  In doing so, both groups of students may have improved 
outcomes in the general education setting through the practice of inclusion and 
the use of more effective teaching techniques.  
Traditional Behavioral Supports 
 In order to offer different forms of support to students with behavioral 
concerns, school systems have collaborated with local agencies to provide 
intense and individualized behavioral interventions. The application of Applied 
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Behavioral Analysis (ABA), by an outside service provider as a school-based 
form of intervention, supports students who are struggling in the general 
education setting.  
ABA was first introduced to support students on the Autism spectrum who 
were struggling with peer interaction skills (Strain & Schwartz, 2001). At first, 
these services were provided as a home-based program that eventually made its 
way into school classrooms (Grindle et al., 2012). Initially, the delivery of ABA in 
a school setting was deemed a less intensive model. However, it was not as 
successful due to implementation during school but not during vacation periods, 
and it was noted that parents were less involved. Although a noted benefit 
resulted when students with Autism were being educated in the same setting as 
their peers (Mesibov & Shea, 1996), identified a significant difference when a 
more individualized form of intervention was applied versus the traditional 
intervention approach.  
 An additional form of behavioral support, known as Cognitive Behavior 
Therapy (CBT), was implemented in schools to promote positive behaviors and 
eliminate negative behaviors using reward and punishment (Chuang & Lee). CBT 
was first introduced as a support for students diagnosed with ADHD. Students 
with ADHD struggle with paying attention, controlling impulsive behaviors, and 
hyperactivity (Chuang & Lee). CBT was also implemented to support students 
with emotional dysfunctions, behaviors, and cognitive difficulties using a goal-
oriented process (Chuang & Lee). However, CBT outcomes were found to be 
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short lived and most effective with active involvement from students and parents 
(Bloomquist et al., 1991).  
The Shift to Individualized Support in Schools 
 For the past 30 years, RTI and MTSS have become the most common 
intervention models for school districts (Pullen et al., 2018). Monitoring student 
progress at each level of intervention is useful for educators to help determine 
when students are needing alternative levels of support (Pullen et al). However, a 
true understanding of student learning processes is not fully determined until 
special education assessments are completed. Even with special education 
techniques being implemented in the general education setting, a need still exits 
for more specific methods of identifying how students process information to 
facilitate specific interventions within the tiered systems of support.  
New Methods of Intervention 
The focus of appropriate social-emotional development is associated with 
greater well-being and better school performance (Durlak et al., 2011); however, 
there remains a lack of individualization within all levels of interventions. Current 
interventions do not provide an in-depth assessment of how students process 
auditory and visual information. The implementation of screening tools to fully 
understand this aspect of student learning may provide improved outcomes 
based on enhanced individualized interventions.  
Tools, such as the Continuous Performance Tests (CPT), are 
neuropsychological assessments that measure the speed of processing 
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information, as well as the ability to focus, sustain, and alternate attention (Arble, 
Kuentzel, & Barnett, 2014; Mortimer, Krysztofiak, Custard, & McKune, 2011). 
Clinical settings have primarily implemented the CPT assessment to identify 
attentional challenges in students with ADHD. Sandford and Turner (2004) 
developed a more specific CPT tool to assess visual and auditory processes. 
The use of this type of effective measurement assesses a student’s ability to 
process visual and auditory information would be of benefit to educators 
providing an enhanced understanding of students’ strengths and weaknesses 
impacting their academic performance in the classroom (McReynolds, et al., 
2019).  
The Integrated Visual and Auditory Continuous Performance Test (IVA-2) 
has gained recognition as an effective measurement tool associated with 
analyzing working memory, processing speed, and behavioral ratings (Arble, 
Kuentzel, & Barnett, 2014). The IVA-2 is one of many computer-based CPT 
models used in clinical and school-based settings. Unlike most CPT 
assessments that solely focus on attention in the visual modality (Arble, 
Kuentzel, & Barnett), the IVA-2 simultaneously assesses for both auditory and 
visual performance. The 20-minute computer-based assessment requires 
participants to click a mouse when the number “1” is presented in a visual or 
auditory format while refraining from clicking when the number “2” is presented 
(Arble, Kuentzel, & Barnett).  
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Testing Protocol: “The IVA-2 global and standard measures of attention 
used in this study were the Auditory Attention Quotient (AAQ), Visual 
Attention Quotient (VAQ), Full Scale Attention Quotient (FAQ), Auditory 
Response Control Quotient (ARCQ), Visual Response Control Quotient 
(VRCQ), Full Scale Response Control Quotient (FRCQ), Sustained 
Auditory Attention Quotient (SAAQ), Sustained Visual Attention Quotient 
(SVAQ), and the Sustained Full Scale Attention Quotient (SFAQ). 
The Auditory Attention Quotient (AAQ) is a global measure of attention 
comprised of three primary visual and auditory scales: Vigilance, Speed, 
and Focus. Vigilance measures errors of omission, and Speed provides a 
measure of the response time in milliseconds to visual and auditory stimuli 
targets. Focus is a measure of the variability of response time to auditory 
test targets. The Visual Attention Quotient (VAQ) is based on the exact 
same scales as the AAQ but differs in that it assesses visual test 
responses to the same measures of attention. The FAQ is a global 
composite scale comprised of the AAQ and VAQ scales, which are used 
in equal weights (not an average) to determine the FAQ.  
The Auditory Response Control Quotient (ARCQ) is a global measure 
comprised of three response control scales: Prudence, Consistency, and 
Stamina. Prudence measures impulsivity and response inhibition as 
evidenced by three different types of errors of commission. Consistency 
measures the general variability of response times ignoring outliers and is 
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a measure of the ability to stay on task. Stamina compares the mean 
reaction times of correct responses between the first and last half of the 
IVA-2 test and is used to identify an individual’s problems related to 
fatigue in mental processing speed over time. The Visual Response 
Control Quotient (VRCQ) has the exact same component scales as ARCQ 
but differs in that it specifically assesses visual test responses. The FRCQ 
is a composite scale comprised of the ARCQ and VRCQ scales; it is the 
combined measure of the auditory and visual primary scales that assess 
impulsivity, consistency of response time and performance stamina during 
the test (McReynolds, et al., 2018; Sandford & Sandford, 2014).  
The Sustained Auditory Attention Quotient (SAAQ) provides a global 
measure of a person's ability to respond to auditory stimuli under low 
demand conditions accurately, quickly, and reliably, and it is combined 
with an assessment of the person's ability to sustain attention and be 
flexible under high demand conditions when auditory stimuli change 
frequently. It is comprised of the following primary scales: Acuity, 
Dependability, Elasticity, Reliability, Steadiness, and Swiftness. Acuity 
measures errors of omission under low demand conditions, Dependability 
reflects the variability of reaction times under low demand conditions, 
Elasticity reflects the ability to be flexible when faced with changing 
conditions, Reliability measures idiopathic errors of commission, 
Steadiness is a measure of accuracy under high demand conditions, and 
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Swiftness measures response times under low demand conditions when 
the targets are rare. The Sustained Visual Attention Quotient (SVAQ) 
measures the exact same type of factors as SAAQ, but specifically for 
visual test responses. The Sustained Full Scale Attention Quotient (SFAQ) 
is the combined weighted global measure of the SAAQ and SVAQ global 
scales (McReynolds, et al., 2018; Sandford & Sandford, 2014). Overall, 
the IVA-2 has been validated for individuals age 6 to 96 years old” 
(McReynolds, et al., 2018; Sandford & Turner, 2004).  
Initially, the IVA-2 was designed to help identify, differentiate, and 
measure ADHD (Sandford, & Turner, 2004).  However, its use has been 
expanded to assess other conditions such as strokes, dementia, and anxiety 
(Arble, Kuentzel, & Barnett, 2014; Mortimer, Krysztofiak, Custard, & McKune, 
2011). Results of a pool of 63 participants, sixty percent males and forty percent 
females ages ranging from 5 to 70 years of age revealed that pre- and posttest 
IVA-2 comparisons effectively assessed medication effects, treatments, or 
environmental effects (Seckler, Burns, Montgomery & Sandford, 1995). The 
comparative re-tests demonstrated a “moderate to very strong” correlation. The 
IVA-2 is effective in establishing a baseline measure for interventions for 
individuals struggling with attention and cognitive function (Stanford & Turner, 
2009). In one study, the IVA-2 was administered to military veterans to measure 
attentional functioning at a pre- mid- and posttest method to reveal whether 
31 
 
differences were apparent after 20 and 40 sessions of neurofeedback treatment 
(McReynolds, Bell, & Lincourt, 2017; McReynolds, et al., 2019).  
Neurofeedback as a Clinical Form of Intervention 
 Neurofeedback therapy, also known as EEG biofeedback, has been 
gaining recognition for its non-invasive approach toward treating conditions 
ranging from ADHD to anxiety, depression, sleep disorders, and learning 
disabilities (Hammond, 2011; McReynolds, et al., 2017). Neurofeedback therapy 
is designed to re-train brain systems and associated neurotransmitter systems 
enhancing an individual’s ability to strength focus, control impulsivity, and 
minimize negative behaviors. Neurofeedback studies have shown sustained 
effects months after the completion of neurofeedback sessions (Van Doren, 
Arns, Heinrich, Vollebregt, Strehl, and Loo, 2019), in school-aged children it has 
contributed to progress in academic areas (McReynolds, et al., 2018; 
McReynolds, et al., 2019). 
 Neurofeedback is a computer training system that requires participants to 
participate in an average of 40 sessions that challenge the brain to function 
better (McReynolds, et al., 2018; Steiner et al., 2011). Exercises consist of a 
visual and auditory game-like format with built-in reinforcements. Brain waves 
are measured through non-invasive EEG electrodes placed on the scalp. The 
computer program provides immediate feedback about levels of attention based 
on EEG brain wave activity (McReynolds, et al., 2018; Steiner et al.). Studies 
have shown that as participants progress through their sessions, improvement 
32 
 
in attention, problem-solving, and working memory is achieved (McReynolds, et 
al., 2018; Steiner et al.). Furthermore, positive outcomes from neurofeedback 
administered to school-aged students reduced or eliminated auditory and/or 
visual processing difficulties (McReynolds, et al., 2018; McReynolds, et al., 
2019).  
 To measure treatment effectiveness, pre- and post-assessments have 
included the Behavioral Rating Inventory of Executive Functioning, the 
CONNERS –ADHD Rating Scales, the Behavior Assessment Scale for 
Children (BASC), cognitive assessments (i.e., Wide Range Assessment of 
Memory and Learning), and performance tests such as the IVA-2 (Demos, 
2005; Steiner, Sheldrick, Gotthelf, & Perrin, 2011). In a recent study, the IVA-2 
was administered to school-aged children to measure the clinical treatment 
effectiveness of 20 and 40 sessions of neurofeedback (McReynolds, et al., 
2018). These types of assessments have good reliability and validity, which 
provides an effective means of triangulating data points and assessing the 
effectiveness of neurofeedback interventions.  
Summary 
Traditional interventions have typically included the RTI, MTSS, PBIS 
frameworks which offer early identification of students who are not making 
adequate academic progress.  These intervention systems provide tiered levels 
of supports and interventions to be implemented within the classroom or in 
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smaller groups. However, these interventions have not been designed to provide 
individualized supports for students in general education.  
 A lack of an individualized intervention approaches to identifying student 
learning styles is further contributing to the lack of academic success.  By 
understanding the auditory and/or visual processing difficulties of a student, more 
effective intervention approaches could be developed and implemented resulting 
in improved academic outcomes. 
 Neurofeedback has gained recognition as a non-invasive approach in 
treating auditory and visual processing weaknesses by retraining the brain. 
These improvements allow individuals to gain the ability to focus, control 
impulsivity, and improve limiting behaviors. By identifying an intervention that can 
be tailored to a student's specific needs, this may improve the effectiveness of 
educational intervention outcomes and reduce unnecessary referrals to special 
education.  
Chapter Three will discuss the design and methods for this study to obtain 





RESEARCH DESIGN AND METHODOLOGY 
Many general education students within the public school setting are 
struggling to meet the rigorous academic demands of our current school systems 
(Kozleski and Smith, 2009). The lack of specificity in school based assessments 
and interventions impedes an accurate determination of how students with 
auditory and visual processing difficulties are learning. As a result, students are 
being misidentified or receiving supports that do not meet their needs. 
Unfortunately, because students are being placed in special education as a 
‘catch-all’, the numbers of students in special education are rising and 
overwhelming school district budgets for general and special education 
(Fensterwald, 2019).  
Purpose Statement 
The purpose of this study was to determine whether the implementation of 
the IVA-2 assessment and the intervention of neurofeedback is an effective 
method to help reduce unnecessary referrals to special education in an 
elementary setting. Elementary students were administered pre-, mid-, and post-
test assessments to measure their visual and auditory processing strengths and 





 It was predicted that by identifying an effective assessment tool, (the IVA-
2), developing an individualized intervention specific to a student's assessed 
learning needs (i.e., neurofeedback), and implementing them within an existing 
school based interventions, it would possible to reduce referrals to special 
education.  
Research Questions 
The following research questions guided this mixed-method study: 
1. Does the IVA-2 assessment provide auditory and visual processing data 
specifying areas of weakness facilitating tailored intervention? 
2. Does the IVA-2 serve as a screening tool prior to referring students to 
special education assessment?  
3. What are the effects of neurofeedback? 
Design 
Setting: The study took place at an elementary school within a Unified 
School District. The public school District located within San Bernardino County 
consists of four Elementary Schools, one Middle School, one High School, and 
one Continuation School.  
Participants: 8 participants, age 6 years to 9 years, 11 months were 
studied. Preliminary data of participants identified for this project reflect they 
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received a minimum of one year of academic and behavioral interventions and 
had not responded to previous forms of interventions.  
Mixed-Method Design: Originally the design of this study was a mixed 
methods approach. Complete qualitative data of parent and teacher interviews 
were unable to be obtained. Quantitative data were able to be obtained and was 
analyzed for eight of the twenty students initially proposed for this study.  
 The Student Support Team (SST) identified participants who had learning 
difficulties involving attention, processing of information, retention, and behavioral 
problems in school determined by teacher assessments or behavioral referrals. 
Participants were administered the IVA-2 assessment to establish baseline 
scores. Participants then participated in 40 thirty-minute sessions (2 sessions 
twice a week over 20 weeks) sessions of neurofeedback using the SmartMind3 
neurofeedback system. The IVA-2 assessment was administered at the end of 
the 20
th 
session (mid-point) and the 40
th 
session (post-treatment).  
Time Frame: The time frame for this study was approximately 12 months.  
Data Collection 
The participants were initially assessed with the IVA-2 to identify attention and 
response control areas of weakness. Based on test results, training protocols, 
and progress evaluation were selected for the computerized cognitive training. 
After the initial assessment, the students participated in two sessions weekly. 
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Participants were connected by EEG sensors (at specified sites on the scalp) to 
the computer. Thus, neurofeedback:  
1. Used the power of electronics and computer technology to measure the 
metabolic activity of the cerebral cortex,  
2. Provided a comprehensive training system to enable students to control the 
pattern and flow of their mental energy (i.e., their mind),  
3. Empowered students by providing an electronic mirror of their brain at the 
cellular level so that they can better control their mental “state.”  
The research design included the recording and analysis of EEG training data 
to evaluate improvement in EEG activity associated with changes in auditory and 
visual processing. The students and their parents were apprised of all aspects of 
the training on an ongoing basis, and changes were made to the training 
protocols as needed. The IVA-2 is a reliable measure for both visual and auditory 
attention processing in children by generating global and primary measures of 
attentional functioning. The normative sample was based on approximately equal 
numbers of males and females, which included 1,700 individuals ages 6 to 96 
(Maddux, 2010). 
All IVA-2 scale scores have a mean of 100 and a standard deviation of 15 
(Sandford & Sandford, 2014). Some participants were not able to validly respond 
to either visual or auditory IVA-2 test stimuli due to their extreme deficits in 
attentional functioning. In these cases, their “invalid scores” for the IVA-2 were 
scored as zero in accordance with the recommended test interpretive procedures 
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(Sandford & Sanford, 2014). The IVA-2 global and standard measures of 
attention used in this study are the Auditory Attention Quotient (AAQ), Visual 
Attention Quotient (VAQ), Full-Scale Attention Quotient (FAQ), Auditory 
Response Control Quotient (ARCQ), Visual Response Control Quotient (VRCQ), 
Full Scale Response Control Quotient (FRCQ), Sustained Auditory Attention 
Quotient (SAAQ), Sustained Visual Attention Quotient (SVAQ), and the 
Sustained Full-Scale Attention Quotient (SFAQ; Sandford & Sandford, 2014). 
The Auditory Attention Quotient (AAQ) is a global measure of attention 
comprised of three primary visual and auditory scales: Vigilance, Speed, and 
Focus. Vigilance measures errors of omission and Speed provides a measure of 
the response time in milliseconds to visual and auditory stimuli targets. Focus is 
a measure of the variability of response time to auditory test targets. The Visual 
Attention Quotient (VAQ) is based on the exact same scales as the AAQ. 
However, it differs in that it assesses visual test responses to the same 
measures of attention. The FAQ is a global composite scale comprised of the 
AAQ and VAQ scales, which are used in equal weights (not an average) to 
determine the FAQ (Sandford & Sandford, 2014).  
The Auditory Response Control Quotient (ARCQ) is a global measure 
comprised of three response control scales: Prudence, Consistency, and 
Stamina. Prudence measures impulsivity and response inhibition, as evidenced 
by three different types of errors of commission. Consistency measures the 
general variability of response times, ignoring outliers and is a measure of the 
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ability to stay on task. Stamina compares the mean reaction times of correct 
responses between the first and last half of the IVA-2 test and is used to identify 
an individual’s problems related to fatigue in mental processing speed over time. 
The Visual Response Control Quotient (VRCQ) has the exact same component 
scales as ARCQ. However, it differs in that it assesses explicitly visual test 
responses. The FRCQ is a composite scale comprised of the ARCQ and VRCQ 
scales; it is the combined measure of the auditory and visual primary scales that 
assess impulsivity, consistency of response time and performance stamina 
during the test (Sandford & Sandford, 2014).  
The Sustained Auditory Attention Quotient (SAAQ) provides a global measure 
of a person's ability to respond to auditory stimuli under low demand conditions 
accurately, quickly, and reliably. It is combined with an assessment of the 
person's ability to sustain attention and be flexible under high demand conditions 
when auditory stimuli change frequently. It is comprised of the following primary 
scales: Acuity, Dependability, Elasticity, Reliability, Steadiness, and Swiftness. 
Acuity measures errors of omission under low demand conditions, Dependability 
reflects the variability of reaction times under low demand conditions, Elasticity 
reflects the ability to be flexible when faced with changing conditions, Reliability 
measures idiopathic errors of commission, Steadiness is a measure of accuracy 
under high demand conditions. Swiftness measures response times under low 
demand conditions when the targets are rare. The Sustained Visual Attention 
Quotient (SVAQ) measures the exact same type of factors as SAAQ, but 
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specifically for visual test responses. The Sustained Full-Scale Attention Quotient 
(SFAQ) is the combined weighted global measure of the SAAQ and SVAQ global 
scales (Sandford & Sandford, 2014).  
IVA-2 was used at the initial, midpoint of the training, and at the end of the 
training sessions. By doing this at the specified intervals, the study was designed 
to demonstrate training progress (or lack thereof), to justify continuing or 
terminating neurofeedback, and to demonstrate the efficacy of the 
neurofeedback. All student data in this study was de-identified for analysis and 
publication development.  
The Piers-Harris was administered to students to assess pre- and post-social 
emotional perceptions of themselves. The Piers-Harris measured self-concept in 
participants, adolescents, and young adults. Comprised of 58 items and six 
domains: Behavior Adjustment, Freedom from Anxiety, Happiness and 
Satisfaction, Intellectual and School Status, Physical Appearance and Attributes, 
and Social Acceptance. Two validity scales identify biased responses and the 
tendency to answer randomly. Written at a first-grade reading level, it provides a 
Total Score that reflects overall self-concept plus domain scores that permit more 
detailed interpretation.  
Test Protocol: According to the Piers Harris manual, the paper-and-pencil 
Piers-Harris 2 is a self-report test measuring children’s self-concept. It has 
60 items, and each item requires a “yes” or “no” answer and denotes one 
of the six domains: Behavioral Adjustment (BEH), Intellectual and School 
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Status (INT), Physical Appearance and Attributes (PHY), Freedom from 
Anxiety (FRE), Popularity (POP), Happiness and Satisfaction (HAP).  
Data Analysis 
All IVA-2 assessment results were analyzed at the beginning, middle, and 
end of the training. These results were shared with the parents and the Student 
Support Team members (parents and teachers) in the school district. The Piers-
Harris assessments was manually scored. Paired sample t-tests were computed 
comparing the changes for the IVA-2 global scale scores by comparing the 
scores between the baseline, after 20 sessions, after 40 sessions, and between 
20 and 40.  Data were analyzed through the SPSS program using paired t-tests. 
Dissemination 
Based on previous CSUSB Neurofeedback clinical work, it was expected 
that significant improvements would likely be obtained for almost all students. 
The body of neurofeedback research indicates that the benefits can be long-
lasting. Publications are targeted toward school psychology, K-12 / special 
education, and neurofeedback journals, as well as international publications.  
Limitations 
The limitations of this study include: (1) delayed Institutional Research 
Board (IRB) approval negatively affecting the startup of this research project 
coupled with the interruption of data collection due to inclement weather and 
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school shutdowns, (2) inconsistent access to participants during the school day, 
(3) the global pandemic of COVID-19 which interrupted the intervention and data 
collection process again due to school shutdown, and (4) inability to gather data 
on potential decrease of referrals to special education due to interruption of 
research project.  
Reflexivity/Positionality 
As a current school psychologist working in the K-12 school system, it is of 
significant interest to the researcher to develop an individualized and multi-
dimensional school based intervention. Traditional forms of education have 
paved the way for what current school systems use today. As an English 
Language Learner and first-generation student who struggled with academic 
success, the researcher values the time and supports being implemented to 
support our students today.   
In developing a better understanding of the topic, the researcher's view 
has morphed into an interpretivism view. As a researcher, adopting an 
interpretivism researcher lens allows the researcher to be open to the 
interpretation of the participants' experiences throughout the process of the 
neurofeedback program. Currently, the effects of neurofeedback have shown 
significant changes in participants in a clinic setting. Thus, the researcher of this 
study strongly supports that neurofeedback could be used as a form of 
intervention for participants-students identified with ADHD and/or other academic 
learning difficulties. In understanding how participants experience the learning 
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environment of the school setting, through the pre-assessments of the IVA-2, the 
researcher is allowed to design specific intervention plans for a student rather 
than automatically referring to special education assessments. In the long term, 
the researcher believes the value of the data collected in this study will help 
decrease the number of special education referrals, which have been 





















The Piers-Harris was administered to 8 students (n = 5 males, n = 3 
females) to assess social emotional perceptions pre- and post-administration of 
neurofeedback training. Data was collected on the following six domains of the 
Piers-Harris scale: 1) Behavioral Adjustment, 2) Intellectual Status, 3) Physical 
Appearance and Attributes, 4) Freedom from Anxiety, 5) Popularity, and 6) 
Happiness and Satisfaction. A paired samples t-test was used to analyze the 
self-concept data between both time points, pre- and post- training (see Table 3). 




Table 3. Paired t-tests Comparing Changes in the Mean Piers-Harris Scores 
Baseline and After Completion of 40 Neurofeedback Sessions.  
N = 8 students (n = 5 males, n = 3 females) 
 
Piers-Harris Domain    Baseline  40 Sessions Sig. (2-tailed) 
 
Behavioral Adjustment    50.38  50.75  .937 
Intellectual Status   45.0  50.0  .189 
Physical Appearance and Attributes  46.25  50.25  .383 
Freedom from Anxiety   48.38  49.13  .840 
Popularity    42.0  45.63  .256 
Happiness and Satisfaction  50.13  50.0  .969  
 
 
The IVA-2 was administered to 8 students (n = 5 males, n = 3 females) at 
3 separate time points: Baseline (pre-assessment), after 20 sessions (mid-point 
assessment), and after 40 sessions (post-assessment). This assessment 
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specifically identified visual and auditory processes of each student. In order to 
evaluate whether neurofeedback training improved visual and auditory abilities, 
paired sample t-tests were used to compare the changes on the IVA-2 scale 
scores by between the baseline, after 20 sessions, after 40 sessions, and 
between 20 and 40 sessions. Given that it was expected based on past research 
studies that neurofeedback would result in positive changes in both visual and 
auditory abilities, one-tailed t-test were used in assessing significance. The t-
tests were used due to the small sample size. Paired samples t-tests were 
conducted on the following measures: Auditory Attention Quotient (AAQ), Visual 
Attention Quotient (VAQ), Full Scale Attention Quotient (FAQ), Auditory 
Response Control Quotient (ARCQ), Visual Response Control Quotient (VRCQ), 
Full Scale Response Control Quotient (FRCQ), Sustained Auditory Attention 
Quotient (SAAQ), Sustained Visual Attention Quotient (SVAQ), Visual- and 











Visual Processing Data 
 
Table 4. Paired t-tests Comparing Changes in the Mean IVA-2 Measures of 
Visual Attention and Response Control Scale Scores Between Baseline and After 
Completion of 20 Neurofeedback Sessions.  
*Significance, p<0.05 
**Cohen’s d near 0.8: Large Effect Size 
+ Trending towards statistical significance; N = 8 students (n = 5 males, n = 3 females) 
 
IVA-2   Baseline  20 Sessions Pooled SD Sig.         Cohen’s d 
         (1-tailed) 
 
Vigilance   58.63  88.38  37.42  .030*  0.80** 
Focus   72.63  97.13  38.52  .058+  0.64 
Speed    75.38  90.75  36.72  .138  0.42 
VAQ   67.0  85.75  32.31  .073+  0.58 
FAQ   58.13  74.38  35.72  .120  0.45 
Prudence   70.88  94.50  47.35  .101  0.50 
Consistency  65.25  95.75  33.75  .019*  0.90** 
Stamina  71.50  97.50  46.72  .080+  0.56 
VRCQ   65.63  93.50  39.88  .045*  0.70** 
FRCQ   51.25  81.38  37.49  .029*  0.80** 
SVAQ   59.75  84.50  31.05  .030*  0.80** 
 
 
After 20 sessions of neurofeedback (see Table 4), Visual processing for 8 
students were assessed. Visual vigilance scores increased from a mean of 59 
(extremely impaired) to 88 (slightly impaired), t(7) = 2.25, p<0.05, Cohen’s d = 
0.80. Visual consistency scores increased from a mean of 65 (severely impaired) 
to 96 (average), t(7) = 2.56, p<0.05, Cohen’s d = 0.90. VRCQ scores increased 
from 66 (severely impaired) to 94(average), t(7) = 1.98, p<0.05, Cohen’s d = 
0.70. FRCQ scores increased from 51 (extremely impaired) to 81 (mildly 
impaired), t(7) 2.27, p<0.05, Cohen’s d = 0.80. Lastly, SVAQ scored increased 
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from 60 (extremely impaired) to 85 (slightly impaired), t(7) 2.25, p<0.05, Cohen’s 
d = 0.80. 
 
Table 5. Paired t-tests Comparing Changes in the Mean IVA-2 Measures of 
Visual Attention and Response Control Scale Scores Between 20 Sessions and 
after Completion of 40 Neurofeedback Sessions.  
*Significance, p<0.05  
**Cohen’s d near 0.8: Large Effect Size 
+ Trending towards statistical significance; N = 8 students (n = 5 males, n = 3 females) 
 
IVA-2   20 Sessions  40 Sessions Pooled SD Sig.         Cohen’s d 
         (1-tailed) 
 
Vigilance   88.38  68.13  32.07  .059+  0.63 
Focus   97.13  77.13  37.02  .085+  0.54 
Speed    90.75  87.38  34.98  .396  0.10 
VAQ   85.75  66.88  31.45  .067+  0.60 
FAQ   74.38  68.50  16.41  .173  0.36 
Prudence   94.50  77.88  32.75  .097  0.51 
Consistency  95.75  82.13  31.36  .130  0.43 
Stamina  97.50  81.25  39.97  .144  0.41 
VRCQ   93.50  74.50  28.19  .049*  0.67 
FRCQ   81.38  80.38  9.06  .382  0.11 
SVAQ   84.50  70.87  31.41  .130  0.43 
 
 
Interestingly, between 20 and 40 session of neurofeedback (see Table 5), VRCQ 
scores significantly decreased from 94 (average) to 75 (moderately impaired), 
t(7)= 1.906, p<0.05, Cohen’s d = 0.67. There was also a decrease in visual 
vigilance (p=0.059), Focus (p=0.085), and VAQ (p=0.067) scores that were 






Table 6. Paired t-tests Comparing Changes in the Mean IVA-2 Measures of 
Visual Attention and Response Control Scale Scores Between Baseline and After 
Completion of 40 Neurofeedback Sessions.  
*Significance, p<0.05  
**Cohen’s d near 0.8: Large Effect Size; N = 8 students (n = 5 males, n = 3 females) 
 
IVA-2   Baseline  40 Sessions Pooled SD Sig.         Cohen’s d 
         (1-tailed) 
 
Vigilance   58.63  68.13  61.37  .338  0.15 
Focus   72.63  77.13  65.75  .426  0.07 
Speed    75.38  87.38  56.01  .282  0.21 
VAQ   67.0  66.88  53.50  .498  0.002 
FAQ   58.13  68.50  38.18  .234  0.27 
Prudence   70.88  77.88  58.02  .372  0.12 
Consistency  65.25  82.13  56.98  .215  0.30 
Stamina  71.50  81.25  61.11  .333  0.16 
VRCQ   65.63  74.50  53.20  .326  0.17 
FRCQ   51.25  80.38  40.59  .041*  0.72** 
SVAQ   59.75  70.87  55.68  .295  0.20 
 
 
After 40 sessions of neurofeedback, when compared to baseline, there was only 
an increase in FRCQ scores from 51 (extremely impaired) to 80 (mildly 



















Auditory Processing Data  
 
Table 7. Paired t-tests Comparing Changes in the Mean IVA-2 Measures of 
Auditory Attention and Response Control Scale Scores Between Baseline and 
After Completion of 20 Neurofeedback Sessions.  
*Significance, p<0.05 
**Cohen’s d near 0.8: Large Effect Size; N = 8 students (n = 5 males, n = 3 females) 
 
IVA-2   Baseline  20 Sessions Pooled SD Sig.              Cohen’s d 
         (1-tailed)   
 
Vigilance   77.25  66.38  14.68  0.037*  0.74  
Focus   76.0  82.25  6.59  0.016*  0.95 
Speed    97.50  87.63  6.27  0.002*  1.57 
AAQ   80.25  72.13  9.92  0.027*  0.82 
FAQ   57.50  74.38  35.44  0.11  0.48 
Prudence   74.50  89.38  20.03  0.037*  0.74 
Consistency  76.13  77.63  14.51  0.389  0.10 
Stamina  79.0  82.25  13.01  0.252  0.25 
ARCQ   71.25  81.13  14.52  0.048*  0.68 
FRCQ   51.25  81.38  37.49  0.029*  0.80 
SAAQ   75.50  63.50  14.74  0.028*  0.81 
 
 
After 20 session of neurofeedback (see Table 7), auditory focus scores increased 
from a mean of 76 (mildly to moderately impaired) to 82 (mildly impaired), t(7) = 
2.69, p<0.05, Cohen’s d = 0.95. Auditory prudence scores increased from a 
mean of 75 (moderately impaired) to 89 (slightly impaired), t(7) = 2.10, p<0.05, 
Cohen’s d = 0.74. ARCQ scores increased from 71 (moderately to severely 
impaired) to 81 (mildly impaired), t(7) = 1.92, p<0.05, Cohen’s d = 0.68. FRCQ 
scores increased from 51 (extremely impaired) to 81 (mildly impaired), t(7) 2.27, 
p<0.05, Cohen’s d = 0.80. However, auditory vigilance scores decreased from a 
mean of 77 (mildly to moderately impaired) to 67 (severely impaired), t(7) = 2.10, 
p<0.05, Cohen’s d = 0.74. Auditory speed scores decreased from a mean of 98 
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(average) to 88 (slightly impaired), t(7) = 4.46, p<0.01, Cohen’s d = 1.57. And 
AAQ score decreased from a mean of 80 (mildly impaired) to 72 (moderately), 
t(7) = 2.22, p<0.05, Cohen’s d = 0.8. SAAQ scored decreased from 76 (mildly to 





Table 8. Paired t-tests Comparing Changes in the Mean IVA-2 Measures of 
Auditory Attention and Response Control Scale Scores Between 20 Sessions 
and After Completion of 40 Neurofeedback Sessions.  
†Trending towards Significance, p<0.05 
**Cohen’s d near 0.8: Large Effect Size; N = 8 students (n = 5 males, n = 3 females) 
 
IVA-2   Baseline  40 Sessions Pooled SD Sig.                Cohen’s d 
(1-tailed)  
 
Vigilance   66.38  63.63  43.49  .43  0.06 
Focus   82.25  94.75  40.19  .20  0.31 
Speed    87.63  100.75  32.12  .14  0.41 
AAQ   72.13  77.38  34.59  .34  0.15 
FAQ   74.38  68.50  16.41  .17  0.36 
Prudence   89.38  103.0  33.23  .14  0.41 
Consistency  77.63  89.0   39.03  .22  0.29 
Stamina  82.25  108.50  41.83  .06†  0.63** 
ARCQ   81.13  100.38  37.97  .10  0.51 
FRCQ   81.38  80.38  9.06  .38  0.11 
SAAQ   63.50  72.50  30.80  .22  0.29 
 
 
Interestingly, between 20 and 40 session of neurofeedback (see Table 8), there 
was no significant increase or decrease on any scale. Auditory stamina scores 
trended towards improvement but did not reach statistical significance, p=0.06, 




Table 9. Paired t-tests Comparing Changes in the Mean IVA-2 Measures of 
Auditory Attention and Response Control Scale Scores Between Baseline and 
after Completion of 40 Neurofeedback Sessions.  
*Significance, p<0.05 
**Cohen’s d near 0.8: Large Effect Size; N = 8 students (n = 5 males, n = 3 females) 
 
IVA-2   Baseline  40 Sessions Pooled SD Sig.         Cohen’s d 
         (1-tailed) 
 
Vigilance   77.25  63.63  43.22  .20  0.32 
Focus   76.00  94.75  38.79  .11  0.48 
Speed    97.50  100.75  34.97  .40  0.09 
AAQ   80.25  77.38  35.04  .41  0.08 
FAQ   57.50  68.50  38.14  .22  0.29 
Prudence   74.50  103  36.87  .033*  0.77** 
Consistency  76.13  89.0   40.35  .20  0.32 
Stamina  79.00  108.50  43.90  .049*  0.67** 
ARCQ   71.25  100.38  36.31  .029*  0.80** 
FRCQ   51.25  80.38  40.59  .041*  0.72** 
SAAQ   75.50  72.50  35.98  .41  0.08 
 
After 40 sessions of neurofeedback (see Table 9), when compared to baseline, 
there was an increase in auditory prudence scores from 75 (moderately 
impaired) to 103 (average), t(7) 2.19, p<0.05, Cohen’s d = 0.77. There was an 
increase in auditory stamina scores from 79 (moderately impaired) to 109 
(average), t(7) 1.90, p<0.05, Cohen’s d = 0.67. ARCQ scores increased from 71 
(moderately to severely impaired) to 100 (average), t(7) 2.27, p<0.05, Cohen’s d 
= 0.80. FRCQ scores increased from 76 (mildly to moderately impaired) to 80 









 The purpose of this study 1) does the IVA-2 assessment provide auditory 
and visual processing data specifying areas of weakness facilitating tailored 
intervention 2) does the IVA-2 serve as a screening tool prior to referring 
students to special education assessment and 3) what is the effect of 
neurofeedback. Students who were previously identified with academic, 
behavioral, and/or social emotional difficulties were provided targeted 
interventions and supports.   
 MTSS, RTI, PBIS systems of support were designed to remediate and 
address academic difficulties. These models serve as frameworks in the 
implementation of intervention targeting academic, behavior, and social 
emotional concerns within our public schools.   
 The specificity of the IVA-2 assessment provides extensive data 
identifying auditory and visual processing areas of weakness helpful to educators 
and parents.  The detailed findings of the IVA-2 assessment tool also provide 
insight on how to create effective intervention plans for our students.   
Within the school systems of support, similar comprehensive assessments 
are not readily available until referred to special education evaluation.  Outcomes 
of these special education assessments have been considered very useful in the 
development and implementation of specific academic goals of each student 
(Yell, Conroy, Katsiyannis, & Conroy, 2013).  
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Regardless of students’ eligibility for special education services, the 
findings of the IVA-2 assessment provides detailed areas of strengths and 
weaknesses in processing abilities. The identification of specific areas of 
weakness can support the students in their educational setting.  
Unfortunately, by the time students have reached the level of needing a 
comprehensive assessment, years may have gone by and many have missed 
out in opportunities for targeted intervention. Comprehensively assessing 
students in the general education level. In addition to other assessments 
educators obtain regularly, the IVA-2 can provide to results on each student at 
any time of the academic year providing an earlier opportunity to 
comprehensively identify students’ academic support needs. The IVA-2 provides 
specific data on how a student processes auditory and visual information within 
the classroom and whether auditory and/or visual processing are involved in their 
lack of academic progress. Implementing the IVA-2 earlier in the RTI or MTSS 
tiered system may be supportive in identification of needs thereby strengthening 
and improving the effectiveness of current standards of practice.   
Tiered-Levels of Support 
 IVA-2 and Levels of Support 
The IVA-2 assessment can serve as a baseline in determining auditory 
and visual processing abilities (Stanford & Turner, 2009). This information can 
then be paired with other interventions that target the accuracy, frequency, 
duration, rate, and intervals of academic, social emotional, or behavioral 
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performance (rethinkEd, 2017). Classroom information, student current academic 
assessments obtained from teachers, and interventionalist in conjunction with the 
IVA-2 can provide information on how students maintain or shift attention during 
a visual and auditory task. The IVA-2 provides information on the student’s speed 
of processing visual and auditory information that can help determine which 
students need extended time on time-dependent academic tasks. The goal of 
assessment processes is to improve student learning (Falk, 2009). 
Comprehensive assessments that are formative best serve to provide effective 
instruction, curriculum, and supplemental supports to existing interventions.  
  As school districts continue to provide supports, the IVA-2 findings can 
specify how teachers and other support personnel can consider implementing 
instructional strategies that provide greater support on an academic task or when 
learning a new task (Foster). As the student develops a stronger academic 
foundation in the identified areas of need, the student will learn how to move from 
simpler to more complex academic tasks (Foster, 2019). Baseline data can offer 
educators a roadmap in identifying a starting point for applied instruction, 
monitoring, as well as a justification for specific intervention plans (Witt, 
VanDerHeyden, & Gilbertson, 2004). For example, understanding where 
specifically students are struggling with auditory and visual areas of processing 
can inform how teachers to implement modifications to a student’s class 
assignment. If a student requires more visual aids because they struggle with 
remembering visual information, then the teacher can provide visual forms of 
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aids to the student to refer to when completing an assignment. Or if a student is 
identified as struggling when processing verbal information, then the teacher 
would know to check in with the student to ensure they fully understood what the 
expectation is to complete an assignment. As student’s receive an abundance of 
both forms of information, it is important to have available class aids for students 
to access at any time.  
Interventions within Systems of Supports 
Whether the implementation of levels of support are though RTI or MTSS, 
both systems are designed to serve students at different levels of academic 
need. PBIS and MTSS further support students with social emotional and 
behavioral challenges in a school based setting. As students receive 
interventions at the Tier 1 Core Universal Instruction and Supports, it is designed 
to serve all students in the general education level without need of consent from 
a parent or guardian. Tier 2 Supplemental Interventions and Supports is 
implemented after a student has been referred to the SST team who design and 
implements student interventions. Tier 3 Intensive Individualized Instruction and 
Support serves students who have not responded to Tier 1 and Tier 2 support 
and who need further assessment for special education (Gamm et al., 2015).  
 Tier 2 is the beginning where data is collected on a student, which leads the 
initial identification of specific goals for student improvement. The student is then 
monitored for academic progress and assessment to determine if additional 
intensive supports will be needed through special education. Special education 
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assessments are designed to provide a more in depth evaluation of how students 
learn.  
The need to refer students to special education assessments could be 
avoided if an assessment that identifies the more specific auditory and visual 
processing difficulties was implemented at this earlier stage of the MTSS model.  
Earlier assessment of processing challenges could assist school systems in 
implementing targeted interventions best serving each student. As schools face 
increased difficulties with limited resources and costly programs, it may be in the 
best interests of school systems to implement the IVA-2 assessment. The IVA-2 
provides specific data that identifies the causal factors affecting a student’s ability 
to learn and benefit from school-based interventions. This information could be 
paired with an intervention, such as neurofeedback, to offer a more individualized 
form of cognitive enhancement prior to a referral to special education. A best 
practice for the implementation of effective interventions may be to collect more 
specific learning data at the beginning of the assessment process. 
This study focused on the collection of pre-intervention data from the IVA-
2 assessment which was used to develop the neurofeedback treatment plans. 
Effective systems of support, such as RTI and MTSS, are data driven research-
based applications of instructional strategies and interventions (rethinkEd, 2017). 
As such, neurofeedback is well recognized for improving attention, which has 
been linked to helping students gain academic skills for enhanced engagement 
and focus during reading tasks (La Marca, 2014).  
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Research Question One: Does the IVA-2 Assessment Provide Auditory and 
Visual Processing Data Specifying Areas of Weakness Facilitating Tailored 
Intervention? 
In implementing a process of early identification in an elementary setting 
where students who were struggling academically to meet the required grade 
level progress, the IVA-2 provided substantive data specific to auditory and visual 
processing difficulties. For instance, the following IVA-2 results provided data for 
educators and parent(s) on a child’s ability to process visual and auditory 
information pre-intervention. Child, results in Figure 1, provided an insight to 
where specifically the child struggled in areas of visual processing. Prior to the 
implementation of the intervention of neurofeedback it is evident how the child 
significantly struggled in visual areas pertaining to attention and response control 
(i.e., vigilance, focus, and speed). Whereas in Figure 2, the IVA-2 provided an 
insight of a child exhibited difficulty with processing auditory information pre-
intervention. Furthermore, Figure 3, provides the results of how the IVA-2 results 
gave an insight to how a child may struggle with processing both visual and 
auditory information pre-intervention. These results gave educators an 
awareness to how these children specifically struggled with processing visual 
information in the classroom and further added individualized data to what 
teachers, intervention specialists had gathered (i.e., class work samples, 























Additionally, the data provided information for our educators to become 
better informed as to how our students learn and more specifically, how to best 
implement classroom-based supports to maximize each student’s ability to learn 
in those targeted areas of auditory and visual comprehension. Those results are 
evident in Figure 4, Figure 5, and Figure 6, where the IVA-2 also provided 
individualized data on a student’s ability to comprehend visual and auditory 
information while keeping persistent sustainable focus during the completion of 

























In implementing the intervention of neurofeedback, the IVA-2 also 
provided results on how effectively students responded to the intervention along 
with receiving other school-based interventions (i.e., reading and or math). The 
results are a measure of post-intervention results of receiving a total of 40 











After the child in Figure 7, received 40 sessions of neurofeedback along 
with additional assessments implemented by the school, the child was able to 
improve significantly in the areas of visual processing. This child in the pre-
intervention assessment had no data in the areas of vigilance, focus, speed, 
prudence, consistency, and stamina when presented with processing visual 
information, see Figure 1.  Areas of improvement were also evident in the child’s 
ability to maintain persistence and sensory-motor abilities across visual and 
auditory information, as seen in Figure 8. Comprehension data still was 
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considered in the extreme category which can be attributed to the brain adapting 















After the child in Figure 9, received 40 sessions of neurofeedback along 
with additional assessments implemented by the school, the child was able to 
improve significantly in the areas of auditory processing. This child in the pre-
intervention assessment had no data in the areas of vigilance, focus, speed, 
prudence, consistency, and stamina when presented with processing auditory 
information, see Figure 2.  Areas of improvement were also evident in the child’s 
ability to maintain persistence and sensory-motor abilities across visual and 
auditory information, as seen in Figure 10. Comprehension data still was 
considered in the categories of mild to moderate which can be attributed to the 









Out of all three children, Figure 11, reveals significant improvements 
across data from the IVA-2  from a child who exhibited difficulty with processing 








This child in the pre-intervention assessment had no data across all areas 
of vigilance, focus, speed, prudence, consistency, and stamina when presented 
with processing visual and auditory stimuli, see Figure 3.  Areas of improvement 
were also evident in the child’s ability to maintain persistence and sensory-motor 
abilities across visual and auditory information, as seen in Figure 12. This child 
revealed great improvement in areas of comprehension, persistence, and 
sensory-motor abilities when initially the child was assessed as significantly 




Figure 12. Additional Post-intervention Results for a Child with Weaknesses in 
Visual and Auditory Processing 
 
 
 The IVA-2 provided meaningful data to educators and parent(s) seeking 
more information to best understand their child. As results from IVA-2 revealed 
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specific areas where a child was struggling in how they processed visual and 
auditory information, these results allowed the intervention of neurofeedback to 
be tailored to their specific areas of need. For instance, Figure 13 shows the 
placement location for the EEG sensor for a child who was struggling with visual 
processing (see Figure 1). Their neurofeedback plan was tailored to address 




Figure 13. Placement of EEG Sensor for Tailored Neurofeedback Plans 
 
 
Furthermore, the IVA-2 results provided data to tailor intervention 
neurofeedback plans for the students struggling with processing visual 
information (see Figure 1), auditory information (see Figure 2) and for the child 
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struggling to process both visual and auditory information (see Figure 3). Both 
children’s EEG sensors were placed in the same Cz area as seen in Figure 13.  
Research Question Two: Does the IVA-2 Serve as a Screening Tool Prior to 
Referring Students to Special Education Assessment?  
In the process of identifying learning difficulties within a school system, it 
typically takes a significant amount of time to collect data to ensure appropriate 
early interventions. The IVA-2 served as an efficient assessment by identifying 
auditory and visual areas of weaknesses.  Based on this additional assessment 
data, the academic interventionalist focus on and remediate learning difficulties 
to avoid a full special education assessment.  
The IVA-2 data provided the SST team with supplemental data that 
supported development of an intervention based on how each student processed 
auditory and visual information. Some of the students in this study where 
functioning in the below average range, whereas others were functioning with 
more significant levels of deficits that required significantly more support and 






Figure 14. Mean IVA-2 Measures of Visual Attention and Response Control  
Between Baseline and After Completion of 20 Neurofeedback Sessions (N=8) 
 
 
In Figure 14, it is evident after 20 sessions of neurofeedback the IVA-2 
provided substantial results of how participants made significant progress in 
processing visual information from the first 20 sessions. The IVA-2 documented 
how within a short span of about 10 weeks, participants were able to show 
significant improvement in their visual abilities. Some of these participants were 
already in the process of being referred to a special education assessment but 
based on their results were not recommended due to their significant changes in 
















interventions, improvements are expected for be evident between 6 to 8 weeks of 
consistent implementation. Students affected by school related disabilities would 
not make such significant progress in this short amount of time.  
However, Figure 15, provides IVA-2 results from 20 sessions to 40 
sessions of how an inconsistent implementation of the intervention of 
neurofeedback did not produce similar results to the implementation of the first 
20 sessions. During the span of the 20 sessions and 40 sessions there were 
multiple interruptions such as snow days, long spring and summer breaks, and 




Figure 15. Mean IVA-2 Measures of Visual Attention and Response Control  

















Figure 16. Mean IVA-2 Measures of Visual Attention and Response Control  
Between Baseline and After Completion of 40 Neurofeedback Sessions (N=8) 
 
 Similar results were evident in Figure 16, which provides IVA-2 results 
from pre-intervention (baseline) to 40 sessions. These results also account for 
the inconsistent implementation of the intervention of neurofeedback producing 
similar results to the implementation of the first 20 sessions. During the span of 
the pre-intervention (baseline) and 40 sessions there were multiple interruptions 
such as snow days, long spring and summer breaks, and the end and start of a 


















Figure 17. Mean IVA-2 Measures of Auditory Attention and Response Control  
Between Baseline and After Completion of 20 Neurofeedback Sessions (N=8) 
 
 
In Figure 17, it is evident after 20 sessions of neurofeedback the IVA-2 
provided results of how participants made significant progress in processing 
auditory information from the first 20 sessions. Although, the results were not as 
significant as seen in Figure 14 for the visual processing, it can be attributed to 
previous literature discussing how participants have displayed greater gains in 



















Figure 18. Mean IVA-2 Measures of Auditory Attention and Response Control 20  
Sessions and after Completion 40 Neurofeedback Sessions (N=8) 
 
 
Figure 18 also provides IVA-2 results from 20 sessions to 40 sessions of how 
implementation of the intervention of neurofeedback produced similar results to 
the implementation of the first 20 sessions. During the span of the 20 sessions 
and 40 sessions there were multiple interruptions such as snow days, long spring 




















Figure 19. Mean IVA-2 Measures of Auditory Attention and Response Control  
Baseline and After Completing 40 Neurofeedback Sessions (N=8) 
 
 
Similar results were evident in Figure 19, which provides IVA-2 results 
from pre-intervention (baseline) to 40 sessions. These results also account for 
the implementation of the intervention of neurofeedback produced similar results 
to the implementation of the first 20 sessions. During the span of the pre-
intervention (baseline) and 40 sessions there were multiple interruptions such as 
snow days, long spring and summer breaks, and the end and start of a new 
















Research Question Three: What is the Effect of Neurofeedback? 
 When the implementation of the neurofeedback intervention was 
administered with consistency and minimal interruptions, the outcomes of how 
children responded to the intervention were heading in the direction of leading to 
remediation of auditory and visual areas of processing weakness in elementary 
students. It was important to recognize during the implementation of the 
neurofeedback intervention, administrators and teachers shared their 
observations on how effective the neurofeedback sessions reflected in the 
participating students. For instance, a school administrator shared: 
We have seen significant progress with these students both behaviorally 
and academically. This is assessed by the amount of office visits and 
assessments. Two of the students involved have had no incidents for the 
first two weeks of school and showed improvement at the end of the last 
school year. As their behavior and focus improves, we will continue to 
monitor their academic progress. We are excited to be a part of this 
program and appreciate the collaboration between our school and Cal 
State San Bernardino. 
Also, a teacher shared: 
I have two students who have been participating in the program. I have 
seen an increase in focus and attention in both students. One student 
more than the other.  He has shown an increase in attention, working 
memory and executive functioning skills. He is more willing to participate. 
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The other student who is resistant to the task has continued to struggle 
with impulsiveness and focus but believe the program has great benefit. 
Outcomes of the Study 
 In the trajectory of this study, there were significant learning curves 
regarding how to develop and implement a clinically based program in 
combination with educational interventions that are consistent with the MTSS 
framework. For example, prior to collecting the IVA-2 data and administering 
neurofeedback sessions, administrators and teachers attended an information 
session designed to promote buy-in that enhanced their support for the project, 
as well as helped maintain their commitment during the implementation phase of 
the study.  
 The lack of buy-in can result in the failure of this type of blended learning 
programs  (https://www.k12dive.com/news/how-administrators-can-get-teacher-
buy-in-on-change-initiatives/446550/). Full buy-in of all educational stakeholders 
fosters collaborative environments that help facilitate student-centered learning 
opportunities. Teacher input was fundamental in obtaining student class-based 
information to best familiarize ourselves with each participating student.  
Furthermore, our educators obtained individualized data on their students’ 
learning needs which supported the collection and implementation of classroom-
based interventions consistent with their teaching styles.  
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Limitation of Study and Future Directions 
 There were several limitations to this study as described below. A 
limitation was the sample of participants from a pool of elementary students ages 
5-9 to 9-11; thus, the results are not representative of a general K-12 population. 
In addition, there was limited access to student availability during the academic 
day, thus some of the neurofeedback sessions were completed during different 
times of the day. To maintain consistency and ascertain whether different times 
of the school day affected the response and student completion of 
neurofeedback sessions, future studies may consider whether these factors 
affect outcomes.   
Analyzing the Piers Harris data suggests the Piers Harris assessment may 
lack needed sensitivity to reflect the student’s self-identification of self-
esteem/self-concept, behavior, intellectual ability, appearance, popularity, and 
enjoyment. Guerin and Tatlow-Golden (2019) found that participants completing 
the Piers Harris 2 were affected by the dichotomous nature of the assessment 
(i.e., yes/no options). In addition, the found the Piers Harris contains a larger 
number of “negative items” which is less suitable for younger children (Guerin & 
Tatlow-Golden, 2019). In future studies, an alternative assessment like the 
Behavior Assessment System for Children (BASC-3), a rating scale that 
addresses school, clinical and adaptive functioning of individuals aged 0 to 
adulthood may be more informative. 
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 Lastly, due to COVID-19 school shutdowns, a larger sample of students 
was unable to complete the neurofeedback intervention. When students returned 
on campus 6 months of time had elapsed between the time they began the 
intervention to when they could continue. Furthermore, not all students in the 
original group returned to in person learning and remained on distance learning. 
Future studies may want to focus on a sample of students who are able to 
continuously receive the intervention without significant time delays and 
interruptions.  To obtain the best results of an intervention, it is beneficial to 
maintain consistency with the intervention protocol to ensure the most accurate 
effective representation of the effects of the intervention.  
 Findings from this study support a broad opportunity for future studies. 
Future studies can focus on including participants from other age ranges and 
grade levels to best represent the general K-12 student population. 
 Conclusions and Implications 
 The findings of this study provide an insight of how an assessment 
designed to identify auditory and visual processing difficulties can be 
administered earlier in a tiered support system and how it can effectively offer 
educators better insight on student’s learning abilities. Using data driven 
information acquired from the IVA-2 can support the creation and implementation 
of interventions and supports.  By targeting these types of learning areas, 
schools can help ensure students have an enhanced opportunity that supports 
their learning.  
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 As school districts struggle with the limited resources, a more cost-
effective form of assessment and intervention could support their mission of 
providing effective academic, behavioral, and social emotional supports to their 
students. School systems now are facing challenging days mitigating the 
educational gaps and losses that have occurred in their students due to COVID-
19 academic restrictions.  
 Unfortunately, the pandemic has created significant learning setbacks for 
many students. School shutdowns limited access to students and interrupted 
application of consistent interventions. As school districts work through the 
challenges of the pandemic, it will be crucial and beneficial to offer efficient and 
cost-effective assessments that will help determine levels of academic 
functioning for students upon return to in-person education. As a baseline, 
educators will have current data on their students to effectively monitor and 
accurately assess for progress. Data from the IVA-2 could provide relevant and 
useful information as support teams tailor instructional practices and social 
emotional supports for students over all well-being.  
 As the pandemic continues to be unpredictable, the educational gap for 
some students will likely widen. This unfortunately will pose an additional 
challenge for educators to not overlook achievement gaps that may be based in 
a learning disability. It will be important to thoroughly assess and monitor all 
students to prevent further learning losses. As educators prepare for the return of 
students, support systems are needed for the implementation of post-pandemic 
80 
 
teaching techniques and strategies that will help all students realize their full 
potential. 
 The implication of this study provides a mechanism for educators to 
understand how students are processing visual and auditory information to best 
meet the students’ educational needs. Although learning styles are difficult to 
address in an academic setting, educators can use the IVA-2 data to better 
understand other academic data that measure academic progress. As students 
struggle with auditory and visual processing limitations can mimic a learning 
disability affecting the academic areas of reading, math, and fluency. Data 
obtained from the IVA-2 can provide a basis to tailor specific forms of 
interventions.  
 This study also provides information on the implementation of 
neurofeedback intervention that supports enhanced auditory and visual 
processing abilities.  This enhancement can lead to improvements in academic 
work and decreased behavioral interventions that enhance academic outcomes 
(McReynolds, Villalpando, & Britt, 2018). Thus, the implementation of 
neurofeedback in a school setting can serve as an effective intervention.  Both 
the IVA-2 and neurofeedback serve as effective supplementary supports for 
elementary students an provide educators with additional intervention strategies 




 Lastly, the IVA-2 assessment tool provides a method of addressing the 
problem that exists within the traditional assessment protocol, at the general 
education level. The IVA-2 assesses a student’s ability to process visual and 
auditory abilities. Because MTSS models are designed to provide multi-modal 
methods of addressing students, it could be extremely helpful to obtain a quick 
and effective assessment using the IVA-2. When the IVA-2 assessment is 
coupled with neurofeedback intervention, the combination can result in more 
effective instructions, strategic interventions, and more effective remediation of 






















Defining terminology for this study is vital to understanding the importance 
of the research and are as follows:  
● General Education – Program of education that typically developing 
children receive based on state standards.  
● Individualized Education Plan (IEP) – An educational plan developed to 
ensure that a student with an identified disability is provided specialized 
instruction and related services. 
● Integrated Visual and Auditory Processing Test-2 (IVA-2) – assessment 
tool that identifies strengths and weaknesses in visual and auditory 
processing.  
● Intervention – A support system implemented for children who are 
struggling academically in the educational system. 
● Multi-Tiered System of Support (MTSS)-is an integrated, comprehensive 
framework that focuses on individualized students needs, and the 
alignment of systems necessary for all students’ academic, behavioral, 
and social success. 
● Neurofeedback – A form of EEG-biofeedback in which brain exercises are 
provided in a game-like format utilizing visual and auditory reinforcements, 
as well as graphs and numerical scores, to provide positive reinforcement 
for brain training activities. 
● Placement – Refers to the amount of time during the school day that a 
student spends in the special education or general education classroom.  
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● Referrals – A method in which an educator refers a student for special 
education assessment. 
● Response to Intervention (RTI) – A multi-tier approach to the early 
identification and support of students with learning, social-emotional, and 
behavioral needs.  
● Special education – A program and placement for students with an 
identified learning disability that significantly affects their academic 
progress. 
● Special education assessments – Assessments completed by a school 
psychologist to determine whether a student is referred for special 





























Table 1  
Auditory Processing Difficulties.  
 
Difficulty hearing in noisy environments 
Difficulty following long conversations 
Problems with reading comprehension 
Trouble understanding verbal math problems 
Difficulty remembering spoken information (i.e., auditory memory deficits) 
Difficulty taking notes 
Difficulty maintaining focus on an activity if other sounds are present 
Easily distracted by other sounds in the environment 
Difficulty with organizational skills 
Difficulty following multi-step directions 
Difficulty in directing, sustaining, or dividing attention 
Difficulty with reading and/or spelling 
Difficulty processing nonverbal information 





Table 2  
Visual Processing Difficulties.  
 
May exhibit difficulty with tasks that require copying (e.g., taking notes from a 
whiteboard)  
Written copies may be missing words  
Often cannot remember even basic facts about material read silently  
Complains of eye strain or frequently rubs eyes despite no presence of poor eye-
sight  
Below average reading or writing level coupled with high oral comprehension and 
verbal skills  
Math skills may be demonstrated below average, may ignore function signs, omit 
steps or confuse visually similar formulae  
Routinely fails to observe or recognize changes in bulletin-board displays, signs, 










Table 3  
Paired t-tests comparing changes in the mean Piers-Harris scores baseline and 
after completion of 40 neurofeedback sessions. N = 8 students (n = 5 males, n = 
3 females) 
 
Piers-Harris Domain    Baseline  40 Sessions Sig. (2-tailed) 
 
Behavioral Adjustment    50.38  50.75  .937 
Intellectual Status    45.0  50.0  .189 
Physical Appearance and Attributes  46.25  50.25  .383 
Freedom from Anxiety   48.38  49.13  .840 
Popularity     42.0  45.63  .256 




Visual Processing Data 
Table 4  
Paired t-tests comparing changes in the mean IVA-2 measures of visual attention 
and response control scale scores between baseline and after completion of 20 
neurofeedback sessions. *Significance, p<0.05  
**Cohen’s d near 0.8: Large Effect Size 
+ Trending towards statistical significance; N = 8 students (n = 5 males, n = 3 
females) 
 
IVA-2   Baseline  20 Sessions Pooled SD Sig.         Cohen’s d 
         (1-tailed) 
 
Vigilance   58.63  88.38  37.42  .030*  0.80** 
Focus   72.63  97.13  38.52  .058+  0.64 
Speed   75.38  90.75  36.72  .138  0.42 
VAQ   67.0  85.75  32.31  .073+  0.58 
FAQ   58.13  74.38  35.72  .120  0.45 
Prudence   70.88  94.50  47.35  .101  0.50 
Consistency  65.25  95.75  33.75  .019*  0.90** 
Stamina  71.50  97.50  46.72  .080+  0.56 
VRCQ   65.63  93.50  39.88  .045*  0.70** 
FRCQ   51.25  81.38  37.49  .029*  0.80** 
SVAQ   59.75  84.50  31.05  .030*  0.80** 
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Table 5  
Paired t-tests comparing changes in the mean IVA-2 measures of visual attention 
and response control scale scores between 20 sessions and after completion of 
40 neurofeedback sessions. *Significance, p<0.05  
**Cohen’s d near 0.8: Large Effect Size 
+ Trending towards statistical significance; N = 8 students (n = 5 males, n = 3 
females) 
 
IVA-2   20 Sessions  40 Sessions Pooled SD Sig.         Cohen’s d 
         (1-tailed) 
 
Vigilance   88.38  68.13  32.07  .059+  0.63 
Focus   97.13  77.13  37.02  .085+  0.54 
Speed   90.75  87.38  34.98  .396  0.10 
VAQ   85.75  66.88  31.45  .067+  0.60 
FAQ   74.38  68.50  16.41  .173  0.36 
Prudence   94.50  77.88  32.75  .097  0.51 
Consistency  95.75  82.13  31.36  .130  0.43 
Stamina  97.50  81.25  39.97  .144  0.41 
VRCQ   93.50  74.50  28.19  .049*  0.67 
FRCQ   81.38  80.38  9.06  .382  0.11 

























Table 6  
Paired t-tests comparing changes in the mean IVA-2 measures of visual attention 
and response control scale scores between baseline and after completion of 40 
neurofeedback sessions. *Significance, p<0.05  
**Cohen’s d near 0.8: Large Effect Size; N = 8 students (n = 5 males, n = 3 
females) 
 
IVA-2   Baseline  40 Sessions Pooled SD Sig.         Cohen’s d 
         (1-tailed) 
 
Vigilance   58.63  68.13  61.37  .338  0.15 
Focus   72.63  77.13  65.75  .426  0.07 
Speed   75.38  87.38  56.01  .282  0.21 
VAQ   67.0  66.88  53.50  .498  0.002 
FAQ   58.13  68.50  38.18  .234  0.27 
Prudence   70.88  77.88  58.02  .372  0.12 
Consistency  65.25  82.13  56.98  .215  0.30 
Stamina  71.50  81.25  61.11  .333  0.16 
VRCQ   65.63  74.50  53.20  .326  0.17 
FRCQ   51.25  80.38  40.59  .041*  0.72** 























Auditory Processing Data  
 
Table 7  
Paired t-tests comparing changes in the mean IVA-2 measures of auditory 
attention and response control scale scores between baseline and after 
completion of 20 neurofeedback sessions.  
*Significance, p<0.05 
**Cohen’s d near 0.8: Large Effect Size; N = 8 students (n = 5 males, n = 3 
females) 
 
IVA-2   Baseline  20 Sessions Pooled SD Sig.         Cohen’s d 
         (1-tailed)   
 
Vigilance   77.25  66.38  14.68  0.037*  0.74  
Focus   76.0  82.25  6.59  0.016*  0.95 
Speed   97.50  87.63  6.27  0.002*  1.57 
AAQ   80.25  72.13  9.92  0.027*  0.82 
FAQ   57.50  74.38  35.44  0.11  0.48 
Prudence   74.50  89.38  20.03  0.037*  0.74 
Consistency  76.13  77.63  14.51  0.389  0.10 
Stamina  79.0  82.25  13.01  0.252  0.25 
ARCQ   71.25  81.13  14.52  0.048*  0.68 
FRCQ   51.25  81.38  37.49  0.029*  0.80 

















Paired t-tests comparing changes in the mean IVA-2 measures of auditory 
attention and response control scale scores between 20 sessions and after 
completion of 40 neurofeedback sessions.  
†Trending towards Significance, p<0.05 
**Cohen’s d near 0.8: Large Effect Size; N = 8 students (n = 5 males, n = 3 
females) 
 
IVA-2   Baseline  40 Sessions Pooled SD Sig.        Cohen’s d 
(1-tailed)  
 
Vigilance   66.38  63.63  43.49  .43  0.06 
Focus   82.25  94.75  40.19  .20  0.31 
Speed   87.63  100.75 32.12  .14  0.41 
AAQ   72.13  77.38  34.59  .34  0.15 
FAQ   74.38  68.50  16.41  .17  0.36 
Prudence   89.38  103.0  33.23  .14  0.41 
Consistency  77.63  89.0   39.03  .22  0.29 
Stamina  82.25  108.50 41.83  .06†  0.63** 
ARCQ   81.13  100.38 37.97  .10  0.51 
FRCQ   81.38  80.38  9.06  .38  0.11 


















Paired t-tests comparing changes in the mean IVA-2 measures of auditory 
attention and response control scale scores between baseline and after 
completion of 40 neurofeedback sessions.  
*Significance, p<0.05 
**Cohen’s d near 0.8: Large Effect Size; N = 8 students (n = 5 males, n = 3 
females) 
 
IVA-2   Baseline  40 Sessions Pooled SD Sig.         Cohen’s d 
         (1-tailed) 
 
Vigilance   77.25  63.63  43.22  .20  0.32 
Focus   76.00  94.75  38.79  .11  0.48 
Speed   97.50  100.75 34.97  .40  0.09 
AAQ   80.25  77.38  35.04  .41  0.08 
FAQ   57.50  68.50  38.14  .22  0.29 
Prudence   74.50  103  36.87  .033*  0.77** 
Consistency  76.13  89.0   40.35  .20  0.32 
Stamina  79.00  108.50 43.90  .049*  0.67** 
ARCQ   71.25  100.38 36.31  .029*  0.80** 
FRCQ   51.25  80.38  40.59  .041*  0.72** 



















Figure 1. Child with weaknesses in visual processing, pre-intervention 
 
















































































Figure 12. Additional post-intervention results for a child with weaknesses in 



































Figure 14. Mean IVA-2 Measures of Visual Attention & Response Control  




































Figure 15. Mean IVA-2 measures of visual attention and response control 







































Figure 16. Mean IVA-2 Measures of Visual Attention & Response Control  




































Figure 17. Mean IVA-2 Measures of Auditory Attention & Response Control  





































Figure 18. Mean IVA-2 Measures of Auditory Attention & Response Control  





































Figure 19. Mean IVA-2 Measures of Auditory Attention & Response Control  






















DESCRIPTION OF IVA-2 GLOBAL AND STANDARD COMPOSITE SCORES 
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IVA-2 Measures Description of Measures 
AAQ 
(Auditory Attention Quotient) 
Based on equal measures of auditory Vigilance, Focus, 
and Speed 
ARCQ 
(Auditory Response Control 
Quotient) 
Derived from auditory Prudence, Consistency, and 
Stamina scales 
FAQ 
(Full Scale Attention Quotient) 
Based on six primary visual and auditory scales each 
based on equal measures of visual and auditory 
Vigilance, Focus, and Speed 
FRCQ 
(Full Scale Response Control 
Quotient) 
Based on six primary visual and auditory scales each 
and equal weights (not an average) of ARQ and VRCQ 
SFAQ 
(Sustained Full Scale Attention 
Quotient) 
Combined global measure of the SAAQ and SVAQ 
global scales 
SVAQ 
(Sustained Visual Attention 
Quotient) 
Provides a global measure of a person’s ability to 
respond to visual stimuli under low demand conditions. 
SSAQ 
(Sustained Auditory Attention 
Quotient) 
Provides a global measure of a person’s ability to 






Response Control Primary Scales  
Prudence Measure of impulsivity and responses inhibition as 




Measure the general reliability and variability of 
response times and is used to help measure the ability 
to stay on task 
Stamina Compares the mean reaction of time of correct 
responses during the first 100 trials to the last 100 
trials; this score is used to identify problems related to 
sustaining attention and effort over time 
IVA-2 Scales Description of Scales 
Vigilance Measures of Inattention as evidenced by two different 
types of errors of omission 
Focus Reflects the total variability of mental processing speed 
for all correct responses  
Speed Reflects the average reaction time for all correct 
responses throughout the test and helps to identify 
attention-processing problems related to slow 
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